C ardiovascular disease (CVD) has gained interest in obstetrics in recent years because large observational studies revealed a remarkable increase in the long-term risk of CVD in women who experienced different types of gestational hypertensive disorders.
C ardiovascular disease (CVD) has gained interest in obstetrics in recent years because large observational studies revealed a remarkable increase in the long-term risk of CVD in women who experienced different types of gestational hypertensive disorders. [1] [2] [3] These include pregnancy-induced hypertension (PIH) and preeclampsia, which affect 2% to 7% of all pregnancies worldwide. 4 A review by Bellamy et al 1 showed an increase of the postpartum risk of CVD events according to the severity of the hypertensive pregnancy disorder, with the highest risk in women who experienced early-onset preeclampsia. Women with a normal pregnancy have an advantage according to these results, but still develop CVD later in life. Currently, it is not possible to identify individual women who have the highest risk in developing CVD. In recent years, other studies did reveal that common modifiable risk factors such as fasting blood glucose and lipid levels are significantly elevated 6 months after a pregnancy complicated by early-onset preeclampsia . [5] [6] [7] [8] The dose-response relationship with the severity of a hypertensive pregnancy disorder and future CVD suggest that the differences in long-term CVD risk between women with a history of a hypertensive pregnancy may be dependent on variation in the underlying maternal CVD risk profiles. However, studies that compare cardiovascular risk factors between women with a previous pregnancy complicated by early-onset preeclampsia, late-onset preeclampsia, or PIH within the same population are lacking.
In this study, we compare CVD risk profiles ≥3 months postpartum between women with previous early-onset preeclampsia, term preeclampsia and term gestational hypertension. We hypothesize that there is a difference in the prevalence of modifiable CVD risk factors postpartum between women with a history of a hypertensive disorder of pregnancy. Identification of women at high risk of CVD at a relatively young age may provide an opportunity for early personalized follow-up and prevention.
Methods

Study Population
The study population consists of data from 2 cohorts: the Utrecht cohort and patients who participated in the Hypitat Risk Assessment Study (HyRAS). Both are discussed separately below.
Utrecht Cohort
All women delivered at the University Medical Center Utrecht between November 1994 and January 2012, with a pregnancy complicated by early-onset preeclampsia were asked to participate in a follow-up program starting ≥3 months postpartum. Patients with chronic hypertension, defined as known hypertension who required antihypertensive treatment before pregnancy, as well as chronic kidney disease and diabetes mellitus, were excluded. Characteristics of the study population and inclusion criteria have been published in detail elsewhere. 8, 9 For this analysis, women with an interval of >5 years between delivery and follow-up were excluded to ensure comparability with the HyRAS cohort.
HyRAS Cohort
Between June 2008 and November 2010, 306 women who had participated in the Hypertension and Preeclampsia Intervention Trial at Term (HYPITAT) study were enrolled in the HyRAS study between 2 and 5 years postpartum. Details on inclusion criteria of this cohort study have been published elsewhere. 10 In short, women who have participated in the HYPITAT trial 11 were consented for the HyRAS study, a cardiovascular follow-up 2 to 5 years after their pregnancy. The HYPITAT study evaluated if induction of labor between 36 +0 and 41 +0 weeks of gestation improved maternal outcome in women with late-onset preeclampsia and PIH. Exclusion criteria of the HYPITAT study included: diabetes mellitus, gestational diabetes mellitus needing insulin treatment, renal disease, heart disease, previous caesarean section, hemolysis elevated liver enzymes and low platelets syndrome, oliguria of <500 mL/24 h, pulmonary edema or cyanosis, HIV seropositivity, use of antihypertensive drugs before pregnancy, fetal anomalies, suspected intrauterine growth restriction, abnormalities detected during fetal heart rate monitoring, and postpartum preeclampsia. Seventy-six of these women had late-onset preeclampsia and 230 women had PIH; all women were ≥18 and delivered between 36 +6 and 41 +0 weeks of gestation. Women with a history of preeclampsia were excluded from the PIH group. The patient selection of this study is represented in Figure S1 in the online-only Data Supplement.
Definitions
Preeclampsia was defined as the presence of PIH and concomitant proteinuria in the second half of the pregnancy. PIH was defined according to the criteria of the International Society for the Study of Hypertension in Pregnancy as diastolic blood pressure >90 mm Hg and/or systolic blood pressure >140 mm Hg, measured on ≥2 separate occasions ≥4 hours apart. Proteinuria was diagnosed with urinary protein was >300 mg/24 h or ≥2 at dipstick urinalysis. 12 Homeostasis Model Assessment score (fasting plasma glucose [mmol/L]×fasting insulin levels [mU/L]/22.5) was used as a measurement for insulin sensitivity, where higher values correspond with higher insulin resistance. 13 Small for gestational age offspring was defined as birth weight below the 10th percentile according to the most recent growth charts used in the Netherlands.
14 Hypertension at inclusion was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or taking antihypertensive drugs as described in The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 15 Metabolic syndrome was defined according to the International Diabetes Foundation as body mass index (BMI) >30 kg/m 2 and ≥2 of the following: triglycerides ≥1.7 mmol/L, high-density lipoprotein cholesterol <1.3 mmol/L, systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg, and fasting plasma glucose levels ≥5.6 mmol/L. 16 The cutoff points total cholesterol >6. 
Assessment of Classic CVD Risk Factors
The 3 study groups were compared for baseline characteristics, pregnancy outcome, and CVD risk factors postpartum, including BMI, blood pressure, plasma lipids, glucose, insulin, Homeostasis Model Assessment score, hsCRP, smoking status, and current hypertension or diabetes mellitus. In all groups, breastfeeding was stopped ≥6 weeks before inclusion. Both the assessment of risk factors in the early-onset preeclampsia group as well as in the late-onset preeclampsia and PIH group have been described in detail elsewhere. [8] [9] [10] Study protocols on assessment of risk factors were the same in both hospitals. In summary, BMI was calculated using measured height and weight at inclusion. A trained research nurse measured blood pressure by auscultatory sphygmomanometry, using an aneroid sphygmomanometer, in sitting position. Diastolic blood pressure values were determined using the fifth Korotkoff sound. Where appropriate, cuff sizes were adjusted to arm circumference. The mean value of 2 separate measurements 30 minutes apart was used for analysis.
Interassay Variations
After centrifuging the blood samples at the local center, samples were sent to the routine clinical chemistry laboratory of the Medical Center Haaglanden (late-onset preeclampsia/PIH groups) or University Medical Center Utrecht (early-onset preeclampsia group). Protocols for blood analysis used by the laboratories were comparable and all technicians were blinded for outcome. Details about the assays used and their mutual comparability are presented in Table S1 . Results from the different assays were harmonized with the use of annual data from the Dutch Foundation for Quality Assessment in Clinical Laboratories (SKML) from 1994 to 2013. This independent foundation uses assays from different laboratories to measure the same samples during 6 annual measuring rounds. As a result, accordance between centers is assured and the quality of laboratory performance is monitored.
Outcome Measures
The primary outcome measure was the difference in modifiable classic cardiovascular risk factors, that is, blood glucose, insulin, cholesterol, triglycerides, and hsCRP. Secondary outcome measures were the presence of hypertension and use of antihypertensive drugs.
Statistical Methods
All statistical analyses were performed using PASW statistics 21.0, SPSS Inc.
Average missing rates per variable were 15% in women with earlyonset preeclampsia (95% confidence interval, 1%-28%), 5% (95% confidence interval, 2%-11%) in women with late-onset preeclampsia, and 5% (95% confidence interval, 2%-12%) in PIH, respectively. To avoid any potential bias that may occur in complete-case analysis, we used a previously described multiple imputation method (10×) using the observed patient characteristics. 19, 20 Missing data were imputed using a logistic regression model that included the following variables: follow-up time, group, smoking, maternal age, BMI, nulliparity, blood pressure, glucose, insulin, hsCRP, triglycerides, and cholesterol.
For all parameters, mean and SE or numbers and percentages were calculated. Baseline characteristics were compared using ANOVA for continuous variables and χ 2 tests for categorical variables. Generalized linear models were used to compare the cardiovascular risk factors between early-onset preeclampsia, late-onset preeclampsia, and PIH. Variables were adjusted for age, BMI, and nulliparity. P<0.017 were considered to indicate statistical significance and were adjusted with the Bonferroni correction for multiple testing.
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Ethical Approval
All women gave written informed consent for participation in the studies. The Institutional Review Boards of the participating hospitals and the local ethics committees approved both the original studies. HyRAS is a follow-up of the HYPITAT study (trial registration: ISRCTN08132825 
Results
Baseline characteristics are shown in Table 1 . Maternal age, percentage of non-whites, gestational age, and birth weight were significantly lower in women who had early-onset preeclampsia when compared with women with late-onset preeclampsia and PIH. Furthermore, nulliparity and percentage of small for gestational age offspring were lower when women with early-onset preeclampsia were compared with PIH. BMI was higher in women with a history of PIH compared with women who experienced early-onset preeclampsia during pregnancy. The percentage of women with hypertension at time of screening varied from 25% in the late-onset preeclampsia group to 39% in PIH and 45% in the early-onset preeclampsia group, respectively. The use of antihypertensive drugs varied from 9% to 16% and 21% in women with late-onset preeclampsia, PIH, and early-onset preeclampsia, respectively. However, the difference between late-onset preeclampsia and PIH was nonsignificant for the use of hypertensive drugs.
CVD Risk Factors
A generalized linear model was used to compare mean and SDs in the 3 study groups after adjustment for maternal age, BMI, and nulliparity (Table 2 ). Blood pressure, glucose, Homeostasis Model Assessment scores, triglycerides, and total cholesterol were significantly different between the early-onset preeclampsia and late-onset preeclampsia groups (P<0.017). All parameters were significantly different between women with early-onset preeclampsia and PIH, except for diastolic blood pressure and hsCRP. Significant differences in the late-onset preeclampsia and PIH groups were only seen in blood pressures and high-density lipoprotein levels.
Metabolic Syndrome and CVD Cutoff Points
The prevalence of metabolic syndrome was the same in all the 3 groups (Table 3) . Several individual components of the metabolic syndrome, however, were significantly different between the groups. Glucose levels >5.6 mmol/L occurred in 16% of women with previous early-onset preeclampsia, compared with 5% and 6% in women with late-onset preeclampsia and PIH, respectively (P<0.001). A BMI>30 was present in 21% to 29% of the women, but was only significantly different between early-onset preeclampsia and PIH (21% versus 29%, P<0.001). Blood pressures measured ≥3 months postpartum did not differ between women with early-onset preeclampsia and PIH. Besides the cutoff points defined in the metabolic syndrome, we also chose to compare other clinically relevant cutoff points for total cholesterol and hsCRP (Table 2) . Again the results showed significantly altered lipid levels in women with early-onset preeclampsia versus PIH. However, total cholesterol >6.21 mmol/L was nonsignificant between women with early-onset preeclampsia and late-onset preeclampsia. Significantly higher levels of hsCRP were found in women with early-onset preeclampsia and PIH compared with lateonset preeclampsia. The main findings are summarized in Figure S2 .
Discussion
This study provides evidence that the number and levels of postpartum modifiable CVD risk factors differ between the different hypertensive disorders of pregnancy; early-onset preeclampsia, late-onset preeclampsia, or PIH. Women with a previous early-onset preeclampsia showed an overall less favorable CVD risk profile, compared with women with lateonset preeclampsia and PIH, particularly reflected in glucose and lipid levels. Hypertension postpartum is observed in almost half of the patients with a history of early-onset preeclampsia and PIH. Furthermore, we showed that blood pressure was significantly higher in women who experienced early-onset preeclampsia and PIH compared with late-onset preeclampsia. These results support the hypothesis that the CVD risk profile after pregnancy may reflect the risk of CVD later in life, in particular, the risk of chronic hypertension.
Large observational studies have shown that there is an increased risk of future CVD for women who experienced hypertensive pregnancy complications, such as early-onset preeclampsia, late-onset preeclampsia, and PIH. For instance, women who experienced preeclampsia have a 2.28 higher risk of developing CVD according to a recent meta-analysis on this subject. 2 Only few articles have addressed the changes in risk for developing CVD between different hypertensive pregnancy complications. In the study of Wikström et al, 21 the risk for developing ischemic heart disease was significantly higher in women with severe preeclampsia compared with PIH and mild preeclampsia similar to the study of Lykke et al. 22 Women with mild preeclampsia had an ≈4-fold increased risk of subsequent hypertension later in life. However, the risk increased to 5-and 6-fold in women with a history of PIH and severe preeclampsia, respectively. 21 Although we acknowledge that stratification in early versus late preeclampsia is not the same as mild and severe preeclampsia, we observed similar patterns in mean blood pressure, usage of antihypertensive medication and the presence of hypertension with the highest incidence in early-onset preeclampsia followed by PIH and late-onset preeclampsia. It is striking that 25% to 45% of women in this relatively young population has hypertension compared with 8% in the Dutch female population aged 30 to 39 years. Even more, the use of antihypertensive drugs was only 2% in this age category compared with the 9% to 21% in our cohort. 23 Patterns of maternal vascular remodeling and responsiveness show a distinct vascular adaptation between early and late preeclampsia. 24 It has also been shown that women with early preeclampsia show high total vascular resistance and women with late preeclampsia have low total vascular resistance 1 year postpartum. 25 Increased vascular resistance might lead to systolic and diastolic dysfunction and could be a possible mechanism in the development of chronic hypertension. This also supports the theory that pregnancy is a stress test for cardiovascular health and that hypertensive disorders unmask the patients more prone to develop CVD later in life. However, we cannot exclude the reverse: more severe endothelial damage and inflammatory stress in early-onset preeclampsia cause (more) permanent vascular damage apposed to the milder late-onset preeclampsia and PIH. 26 These differences in permanent vascular damage may contribute to the pathogenesis of CVD later in life and explain the seemingly gliding scale in differences in CVD prevalence between the hypertensive pregnancy disease early-onset preeclampsia and late-onset preeclampsia, PIH.
Up to now, PIH has not been included in postpartum research as a separate clinical entity. Our data show that the postpartum biochemical CVD risk factors do not differ between late-onset preeclampsia and PIH. Although significant differences were found between early-onset preeclampsia on the one hand and late-onset preeclampsia and PIH on the other hand. Fasting blood glucose, insulin, Homeostasis Model Assessment score, triglycerides, and total cholesterol were significantly higher than in women with a history of late-onset preeclampsia and PIH. BMI seemed not to relate to this difference hence the fact that BMI was only significantly higher in the PIH group when compared with the early-onset preeclampsia group.
Interestingly, mean hsCRP levels did not differ between the groups. However, when the cutoff value of 2 mg/mL was used, there was a significant difference in prevalence when earlyonset preeclampsia and PIH were compared with the lateonset preeclampsia group. The role of hsCRP as a predictor for CVD is controversially and several reports have questioned its usefulness. 27, 28 Nonetheless, recent data from a large cohort reconfirmed the associations found in the JUPITER trial. 29 Our results show that women with earlyonset preeclampsia or PIH in their medical history are more prone to hypertension than late-onset preeclampsia. This difference is also reflected in hsCRP cutoff levels. Recent data show that elevated prepregnancy CRP predisposes to recurrent preeclampsia in women with a history of early-onset preeclampsia, 30 which might explain the higher incidence of hypertension as well. Further research and follow-up are needed to confirm the relationship between hsCRP and subsequent hypertension after complicated pregnancy.
Some limitations of this study need to be addressed. First, women in the early-onset preeclampsia were significantly younger than women with previous late-onset preeclampsia or PIH. Advanced age is associated with an increased risk of CVD. However, in this relatively young population of women, the effect of a few years difference is estimated to be small. Besides, data were corrected for age and showed no effect on the associations found. Second, data were obtained from 2 different cohorts. However, population differences between both cohorts are highly unlikely due the fact that the HyRAS cohort was based on a national study, including the Utrecht region. Although almost identical in design, some inclusion criteria were different with follow-up time being the most notable. The follow-up time within the groups was not correlated with any of the other variables tested. Besides, several articles have shown that as early as 6 to 7 weeks serum lipid levels rapidly decrease to normal values. 31, 32 Therefore, it is unlikely that the differences between groups have confounded importantly by a difference in follow-up time. The exception would be the number of intervening pregnancies that was lower in the early-onset preeclampsia group. However, there is no proper data available that indicate that multiple pregnancies would further increase the risk on CVD later in life. Finally one of the limitations of this study is the lack of prepregnancy values of the measured CVD risk factors. It is possible that women with early-onset preeclampsia exhibit more risk factors simply because there is a difference in prepregnancy values. Nonetheless, this does not detract from our main conclusion that these pregnancy-related diseases present an opportunity for early detection of CVD risk factors in young women.
In conclusion, our study showed that early-onset preeclampsia, late-onset preeclampsia, and PIH differ significantly on the levels of postpartum biochemical CVD risk factors and the presence of hypertension. Women with a previous earlyonset preeclampsia show an overall less favorable risk profile compared with late-onset preeclampsia and PIH, in particular, for glucose and lipid levels. The high prevalence of hypertension in both early-onset preeclampsia and PIH compared with late-onset preeclampsia may be of benefit for the development of targeted prevention programs. With high rates of hypertension found in our study, it seems justified to assess the CVD risk profile within 1 year after pregnancy routinely. Specific follow-up strategies may be required for the different hypertensive disorders of pregnancy.
Perspectives
Hypertension increases the risk for a variety of CVDs, including stroke, coronary artery disease, heart failure, and peripheral vascular disease. 33 Of great interest is the gliding scale of prevalence of hypertension postpartum. In early-onset preeclampsia, the prevalence is the highest followed by PIH and late-onset preeclampsia. Furthermore, the women with previous early-onset preeclampsia have the most deviant risk profile compared with late-onset preeclampsia and PIH in terms of glucose levels and lipid profile. Our results not only emphasize on early prevention programs for these high-risk women but also suggest that physicians should stratify for the different hypertensive pregnancy complications to further personalize preventive strategies.
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